Chronic alcohol consumption induces cytochrome P450IIE1, enabling habitual abusers to consume far greater quantities of alcohol than normal subjects. This pathway of metabolism leads to the production of free radical species, which cause tissue damage through peroxidation of cell membranes. Groups of Wistar rats of equal male: female ratio (n=24) were fed alcohol by gavage twice daily to achieve a dosage of 15 g/kg body weight. Mean peak blood alcohol concentrations of 186 mg0/o were produced in males and 156 mg0/o in females. The animals were allowed free access to standard laboratory chow and water. Control animals were pair-fed to the alcoholic group and fed isocaloric glucose by gavage. Groups ofanimals were killed between 9 and 11 am on consecutive mornings, after nocturnal feeding, since it has previously been shown that fasting rapidly depletes hepatic glutathione concentrations. Hepatic glutathione was measured by a spectrophotometric enzymatic recycling procedure. As a marker of lipid peroxidation hepatic malonaldehyde (MDA) was measured by high performance liquid chromatography. Hepatic MDA was increased in the alcoholic group (p<O0OO1), as was total hepatic glutathione (p<0-0001). Plasma concentrations of a-tocopherol were increased in the alcoholic group, but ascorbic acid and superoxide dismutase values were not affected. No sex differences were detected. The increased MDA production in the alcohol group is strong evidence that lipid peroxidation is a mechanism of alcoholic tissue damage. The rise in hepatic glutathione may be an adaptive response to free radical production that protects the rat against tissue damage.
females. The animals were allowed free access to standard laboratory chow and water. Control animals were pair-fed to the alcoholic group and fed isocaloric glucose by gavage. Groups ofanimals were killed between 9 and 11 am on consecutive mornings, after nocturnal feeding, since it has previously been shown that fasting rapidly depletes hepatic glutathione concentrations. Hepatic glutathione was measured by a spectrophotometric enzymatic recycling procedure. As a marker of lipid peroxidation hepatic malonaldehyde (MDA) was measured by high performance liquid chromatography. Hepatic MDA was increased in the alcoholic group (p<O0OO1), as was total hepatic glutathione (p<0-0001). Plasma concentrations of a-tocopherol were increased in the alcoholic group, but ascorbic acid and superoxide dismutase values were not affected. No sex differences were detected. The increased MDA production in the alcohol group is strong evidence that lipid peroxidation is a mechanism of alcoholic tissue damage. The rise in hepatic glutathione may be an adaptive response to free radical production that protects the rat against tissue damage. A major antioxidant that is important in preventing free radical mediated lipid peroxidation is the endogenous tripeptide glutathione. Glutathione concentrations are normally lowest in centrilobular hepatocytes where the earliest lesions in alcoholic liver disease are seen, while experimental reduction of hepatic glutathionell increases hepatic damage by ethanol. In man, liver biopsy specimens from chronic alcohol abusers contain lower levels of glutathione. 12 To determine the precise role of lipid peroxidation in the pathogenesis of alcoholic liver disease, we aimed to produce experimental alcoholic liver disease in Wistar rats, and then to determine the levels of peroxidative end products and of hepatic antioxidants.
Methods
Groups ofWistar rats of equal male: female sex ratio (n=24) were fed alcohol by 3 ml gavage twice daily. The initial dosage contained 20% alcohol/80% dextrose (277 mmolIl) and this was increased by weekly increments of 10%, increasing the dosage over a four week period to 60% alcohol to achieve a total daily dosage of 15 g/kg body weight. Animals were allowed free access to standard laboratory chow and water. Control animals were pair-fed to the alcoholic group and fed isocaloric dextrose by gavage. The gavage was continued for 12 weeks. After eight weeks, the blood alcohol concentrations were measured by gas liquid chromatography from tail-vein samples taken six hourly over a 24 hour period. Samples were taken from three animals at each time point.
Groups of animals were killed between 9 and 11 am on consecutive momings, after nocturnal feeding, since we acid to form a coloured phenylhydrazone derivative, which is read at 520nm. The method thus measures total ascorbate (ascorbic acid and dehydroascorbic acid). Following an analysis of variance, after showing that a difference exists, the results were compared using unpaired t tests. Significance I was taken at the 5% level.
Results
The blood alcohol concentrations achieved with the gavage regime can be seen in Figure 1 .
Mean peak concentrations of 186 mge/o were achieved in males and 156 mg°/0 in females, although at night it can be seen that levels fell dramatically. Histologically, only minor fatty change was produced.
Since no differences existed between the sexes with regard to malonaldehyde or antioxidant measurements, data were pooled for the analyses. Hepatic total glutathione concentrations were increased in the alcohol treated group compared with controls (p<0-0001) (Fig 2) . There was no difference in the ratios of oxidised to reduced glutathione between the groups. Hepatic malonaldehyde concentrations were increased in the alcoholic animals compared with controls (p<0.001) (Fig 3) . There was a close correlation between glutathione and malonaldehyde values (r=0-6, p<0O0001) in both alcohol treated and control I groups (Fig 4) . There were no significant differences in the hepatic concentrations of vitamins C and E, nor in the plasma concentrations of vitamin C. In addition, the hepatic of the hepatic GSH pool, and are critically dependent on the nutritional state.26 Chronic superoxide dismutase activity also did not differ ethanol feeding increases hepatic GSH significantly (Table) . turnover in the rat,27 and also increases the sinusoidal efflux of GSH, presumably as a direct effect on the liver rather than because of Discussion an increase in extrahepatic requirements. The mammalian liver is effectively protected
The finding in our animals of increased against both endogenous and exogenous hepatic glutathione may represent the nutrioxidative stresses by intracellular glutathione tional status of the animals. All animals were via several enzymatic and non-enzymatically killed over a two hour period on consecutive catalysed reactions. These include reduction mornings, as we have previously shown that of hydroperoxides by glutathione transferases, after a period of fasting, glutathione levels can and handling of glutathione conjugates by rise by 45% in only 150 minutes (unpublished -y glutamyl transferases.19 In both man12 observations). The reduction of levels seen in and primates,20 chronic alcohol feeding results other reports,3 particularly in man,12 may in depressed hepatic reduced glutathione therefore represent the period of fasting under-(GSH) and increased production of diene taken before biopsy, or a fall in levels with though they did not detect evidence for peroxidation before fibrosis developed. This is possibly since the measurement of 4 hydroxynonenal is less sensitive, since it is present in far lower concentrations. Detection of malonaldehyde by HPLC is both sensitive and specific, '4 so the increase that we have shown is strong evidence for the role of peroxidation in the aetiopathogenesis of alcoholic liver damage.
Despite a prolonged period with high blood alcohol levels, our animals failed to develop progressive liver damage, in contrast to the intragastric infusion techniques.30 The two major differences between the two methodologies are the inclusion of a high fat content as corn oil, and a continuous high blood alcohol level. The exact reason for the importance of a high fat content remains unclear.
